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The (Cr-M)O2 (M = V, Mn, Fe, Co) powders were synthesized by the mechanochemical method and the magnetoresistance (MR)
effect of their powder compacts was investigated as a function of the type and content of the dopant. The findings are summarized as
follows. 1) Substituting limit of M for Cr in CrO2 was 30 at% for V, Mn, and Co, and 5 at% for Fe. 2) Doping with V effectively decreases
the C, while Fe significantly elevates the same (420 K with 5 at% Fe). Furthermore, the changes observed in the cases of Co and Mn was
marginal. 3) MR ratio was significantly enhanced with the doping of 5 at% of Fe, however, decreased in the cases of V and Co doping.
4) The reason for the MR enhancement in (Cr-Fe)O2 powder compacts is due to the change in the barrier characteristics.
Index Terms—Chromium dioxide, half metal, intergranular tunneling, magnetoresistance, tunnel barrier.
I. INTRODUCTION
CHROMIUM DIOXIDE (CrO ) is expected to be a strongspin polarizer in forthcoming spinelectronics devices,
since it has been theoretically predicted as a half-metallic ma-
terial [1], [2] on one hand and nearly perfect spin polarization
has been experimentally demonstrated on the other [3], [4]. In
cold-pressed CrO powder compacts, large magnetoresistance
(MR) that originates due to the intergranular spin-dependent
tunneling was observed at low temperatures [5]–[7]. However,
the relatively low Curie temperature of CrO ( K)
prevents it from being used in device applications. Shannon et
al. [8] reported that doping with small amounts of Fe could
elevate the of CrO . The present authors have succeeded in
synthesizing CrO powders through mechanochemical method
[9], and doping was easily achieved by introducing the dopant
as raw material. Thus, in the present study, we report the
influence of doping elements and their concentration on the
magnetic and magnetotransport properties of CrO powder
compacts.
II. EXPERIMENTAL PROCEDURE
The (Cr-M)O ( , Mn, Fe, Co) powders were synthe-
sized by mechanically grinding powders of CrO , Cr(OH) , and
respective doping elements (V O , Mn O , FeOOH, Co O ).
A planetary ball mill (Fritch Pulverisette-7, Germany) having 80
mm inner diameter and 45 cm volume was used along with 15
mm diameter alumina zirconia balls weighing 70 g. Grinding
conditions optimized for the synthesis of CrO phase in the
nondoped case was used for the doped samples. Starting ma-
terials weighing 2 g were ground in high-energy ball mill for 2
h at a speed of 700 rpm. Ground powders were thermally an-
nealed at 300 C for 3 h under oxygen purging (500 cc/min), to
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remove the moisture. The basic solid-solid reaction that takes
place during milling, is as follows [9]:
The phases present in the ground products were identi-
fied using X-ray diffractometer (XRD) with Cu-K radiation
source. The magnetic properties were measured with super-con-
ducting quantum interference device (SQUID) magnetometer
in the temperature range of 4.2–400 K. The (Cr-M)O powders
were cold-pressed into pellets by adding 10 wt% of polyvinyl
alcohol as a binder. Packing fraction of the pellets was about
55 vol%. Cu films of 200 nm thickness were sputter deposited
on both sides of the pellets which acts as electrodes. The
magnetotransport properties were measured at the tempera-
ture range of 4.2–300 K for the powder compacts with the
four-probe method under maximum applied field of 13 kOe.
The MR ratio was defined as, , where
is the maximum resistance value observed around zero field
and is the resistance observed under 13 kOe.
III. RESULTS AND DISCUSSION
Fig. 1 shows the XRD profiles of (Cr-V)O and (Cr-Fe)O
powders for doping concentration between 0 and 30 at%.
Broken and dotted lines in the figure indicate the diffraction
peak positions of bulk CrO and Cr O , respectively. In the case
of (Cr-V)O powders, the diffraction angle of CrO (110) grad-
ually shifts to lower value as doping concentration increases,
indicating that the V ions are incorporated in the CrO crystal
structure. In the case of (Cr-Fe)O powders, similar diffraction
peak shift is observed only up to 5 at% whereas, the intensities
of the diffraction peaks gradually decrease for higher Fe con-
centrations. This implies that the CrO could take a maximum
of about 5 at% of Fe. While the reason for the degradation of
peak intensity is not clear at present, it may be that the structure
CrO made unstable due to Fe doping. In other words, for V
doping, Cr is easily reduced to Cr compensating charge
difference, but in the case of Fe , such electron transfer would
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Fig. 1. XRD profiles of mechanically alloyed (Cr-M)O powders. The
diffraction peak indicated with asterisk originated from ZrO balls.
be hard to occur. Weak diffractions from Cr O are always
observed in the XRD profiles. It might be formed on the surface
of CrO powders, as discussed below. Fig. 2 shows the temper-
ature dependence of saturation magnetization, of (Cr-M)O
powders doped with 5 at% of Fe and 10 at% of V, Mn and Co.
is clearly modified depending on the type and concentration
of the doping element. Vanadium effectively decreases the ,
while Fe content significantly elevates the . However, there
is no considerable effect on of Co and Mn doped CrO . The
estimated of (Cr-5 at%Fe)O is 420 K. Taking into account
that intergranular tunnel magnetoresistance ratio is roughly
correlated with and assuming Brillouin function for
curve, theoretically we can expect 20% improvement of mag-
netoresistance ratio at room temperature by 24 K enhancement
of . The saturation magnetization of (Cr-M)O at cryogenic
temperature is also modified. Comparing with the cases of V,
Mn, and Co, the of (Cr-5 at%Fe)O was 20% lesser than
un-doped CrO . This result is in good agreement with the
previous report [8]. Although the reason for the enhancement
in and the reduction in has not been clarified, it might be
due to the charge compensation by Cr for Fe substitution.
The substitution limits of M for Cr in CrO , determined from
XRD and measurements, were 30 at% for V, Mn, and
Co, and 5 at% for Fe.
Fig. 3 shows the (a) magnetization and (b) magnetoresis-
tance curves of CrO powder compact, measured at 77 K.
The inset shows the current–voltage – characteristics of
the specimen. The magnetization curve shows hysteresis at
low field range and remains unsaturated even at higher fields.
This implies that the antiferromagnetic Cr O shell formed on
CrO particle surface and magnetically separates ferromagnetic
CrO powders. The magnetoresistance curve corresponds well
with the magnetization curve. The resistance attains maximum
around the coercive fields and shows negative magnetoresis-
tance effect, which is hard to be saturated with a magnetic field
strength of 13 kOe. The nonlinear - characteristics suggest
that the conduction mechanism of the present powder compacts
Fig. 2. M-T curves of (Cr-M)O powders. M = 5 at% Fe (open circle),
10 at% V (triangle), 10 at% Mn (reversed triangle), 10 at% Co (square), and
nondope (closed circle).
Fig. 3. (a) Magnetization curve and (b) magnetoresistance curve of CrO
powder compacts, measured at 77 K. The inset shows the I–V characteristics
of the specimen.
is spin-dependent intergranular tunneling and that the Cr O
shell behaves as a tunneling barrier. Fig. 4 shows the magne-
toresistance ratio of (Cr-M)O powder compacts, measured
at 77 K, as a function of the dopant content. The magnetore-
sistance ratio, which is 2% for CrO , significantly enhances
with increasing Fe content and exceeds 6% at 5 at%-Fe, while
it decreases in the cases of V and Co doping. The enhance-
ment of magnetoresistance ratio of CrO by three times, with
5 at%-Fe is much larger than the expected value from the
enhancement, mentioned above. We thus investigated the
transport mechanism of the powder compacts. Fig. 5 shows
the temperature dependence of electrical resistivity for the
(Cr-M)O powder compacts with 5 at% dopant content, plotted
as a function of ln versus . All the specimen show
a linear relation, confirming that the conduction mechanism
of the present (Cr-M)O powder compacts is spin-dependent
intergranular electron tunneling, resulting in negative magne-
toresistance. The tunneling activation energy is determined
from the slope of the linear relation between resistivity and
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Fig. 4. Magnetoresistance ratio of (Cr-M)O powder compacts as a function
of the dopant content. The measuring temperature is 77 K. M = Fe (circle), V
(triangle), Mn (reversed triangle), and Co (square).
temperature as expressed in (2). The value of was found to
depend very much on the doping element and the highest value
was recorded for (Cr-Fe)O .
(2)
where , and is effective mass of electron, tunnel bar-
rier height, tunnel barrier width, and charging energy of con-
ductive island, respectively [10]. Here, is considered almost
constant, since the grain sizes of (Cr-M)O powders estimated
from the XRD profiles are nearly the same. Therefore, we con-
clude that the change of slope in Fig. 5 is due to the change in
barrier characteristics ( and/or ) caused by the substitution
of Cr by dopant M, and lead to MR enhancement in (Cr-5 at%
Fe)O powder compacts.
IV. SUMMARY
The (Cr-M)O ( V, Mn, Fe, Co) powders were synthe-
sized by mechanochemical method and the magnetoresistance
effect of these powder compacts was investigated as a function
of the type and content of the dopant. Substituting limit for the
incorporation of M for Cr in CrO was 30 at% for V, Mn, and
Co, and 5 at% for Fe, respectively. The magnetic and magne-
toresistance properties of the powder compacts were found to
depend very much on the type of doping element. Substitution
of V effectively decreases and Fe significantly elevates the
same (420 K with 5 at% Fe), while the effect of Co and Mn is
marginal. And also, the MR ratio is significantly enhanced for
powder compacts with 5 at% of dopant Fe, while it decreases in
the cases of V and Co doping. It is concluded that the MR en-
hancement in (Cr-Fe)O powder compacts is due to the change
in barrier characteristics.
Fig. 5. Resistivity of (Cr-M)O2 powder compacts as a function of measuring
temperature. M = 5 at% Fe (open circle), 5 at% V (triangle), 5 at% Mn
(reversed triangle), 5 at% Co (square), and undoped (closed circle).
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